. INTRODUCTION ■Zoogloea ramigera is a Gram-negative5 rod-shaped bacterium that is strictly aerobic, and has an optimum temperature between 28 C and 30 C and an optimum pH between 7.0 and . Zoogloea ramigera has been reported as being common in the floes of activated sludge used for the puri-.
fication of sewage; when activated sludge is aerated with sewage, Z^. ramigera rapidly oxidizes the pollutional material present in the sewage (1 7 ).
This study was undertaken to find the conditions under which Z_. ramigera will form volutin granules. More particularly this: study was concerned with volutin granule, production at optimum nutrient conditions and at chemical levels which occur in sewagev . Also the composition of the volutin granules was studied to confirm the presence of accumulated inorganic phosphate. 
Staining Procedures
Neis'ser's stain was used to stain volutin granules.
The methylene blue solution is made by dissolving 1 g methyl ene blue in 20 ml 95% ethanol, adding 50 ml glacial acetic acid, and mixing with 950 ml distilled water; the gentian violet solution is made by dissolving 1 g gentian violet in 10 ml 95% ethanol and mixing with 300 ml distilled water.. The disposition of the orthophosphate taken up by a phosphate-starved culture of _Z. ramigera was -determined by radioactive labeling and subsequent chemical extraction.
Carrier free H^^PO^ was added to a culture of Z_. ramigera grown for 120 hr in arginine broth; after 3 0 . min 0 .2 g KgHPO^ and 0 .1 g KH^PO^ were added to dilute the activity and provide chromatographic markers. After 24 hr approxi mately 0 . 1 ml of packed cells from the culture was washed in distilled, water and extracted. Duplicate 0.1 ml aliquots of each.extract were added to 10 ml of scintillation counting fluid for assay of radioactivity. 
RESULTS
Volutin granule formation by _Z. ramigera in arginine broth at different levels of various ingredients was studied.
Growth Characteristics
The growth characteristics of Z_. ramigera were there was no change in cell mass; but if magnesium was deleted from the medium, cell mass was reduced to one-tenth.
■ Granule Formation
Volutin granules were formed by Z_. ramigera with several types of media. Moderate, granulation occurred in trypticase soy agar, and. on brain heart infusion.agar.
Arginine broth contained only 3 mg/liter phosphate ion; therefore Z_. ramigera grown in arginine broth normally gave a phosphate-starved culture. . Abundant volutin granules were rapidly formed following the addition of 1 . 8 g/liter phos phate ion (0 . 2 g KgHPO^ plus 0 . 1 g KH^PO^) to a culture of Z. ramigera grown for 120 hr in arginine broth ( Fig. 2A) .
No granules formed in unmodified Hall's medium upon addition of excess orthophosphate, but abundant granules were formed when 1 : 8 g/liter phosphate ,ion were added to a culture grown for 120 hr in phosphate-deficient Hall's medium. Zoogloea ramigera grown for 1 2 0 hr in coarsely filtered, autoclaved, activated sludge plus 2 g/liter glucose gave moderate granulation after addition of excess phosphate; no granules formed in the absence of glucose or at 0 . 1 g/liter glucose.
The pH of arginine broth during granule formation depended on the amount of excess orthophosphate added. When 1 . 8 g/liter phosphate were added to a culture grown for 12 0 hr in arginine broth, the pH was maintained at 7-0; this concentration of phosphate was also sufficient to maintain . but the yield rapidly increased to abundant granulation by 3 mg/liter; then the yield rapidly decreased to a low level by 12 mg/liter (Fig. 4 ).
• . The presence of magnesium in arginine broth was required for granulation in Z_. ramigera. Similarly mag nesium ion has been found to be required for activity by purified polyphosphate kinase from E. coli (11) . The decrease in granulation at higher magnesium concentrations is typical of cationic inhibition.
Sulfur starvation caused granulation to occur in Z. ramigera in arginine broth before the addition of excess .
orthophosphate. Sulfur starvation stops nucleic acid syn thesis which is in competition with polyphosphate synthesis for the available ATP; when nucleic acid synthesis in A .
aerogenes was stopped by sulfur starvation, polyphosphate accumulated until exogenous sulfate was added (7)» Similarly the sulfur-starved Z_. ramigera formed granules even though the culture, was also phosphate-starved because in the absence of nucleic acid synthesis the low phosphate content .was nevertheless ah excess.
Chemical levels in raw sewage vary, depending on location and time. Granulation occurred during phosphate starvation in the absence of. sulfur.
